Enhanced transfection with silica-coated polyplexes loading plasmid DNA.
Silica-coating of positively charged polyplexes was demonstrated through silicic acid condensation to improve the polyplexes for enhanced complex stability and transfection efficiency. Silicic acid was efficiently condensed by polycations to form a silica network in the polyplex through electrostatic interaction and hydrogen bonding. The silica-coated (SC) polyplexes had an anionic surface charge of -20 mV and were 10-20 nm larger in size compared to the non-silica-coated control (+33.4 mV, 106 nm). Silica-coating significantly improved the polyplex stability against both dissociations by counter polyanion exchange and aggregation by salt. The silica network was dissolved to form silicic acid by removing free silicic acid based on the equilibrium, SiO(2) + 2H(2)O right arrow over left arrow Si(OH)(4). Indeed, dialysis of the SC polyplex solution against excess silica-free buffer permitted plasmid DNA release from the silica-coated polyplex, indicating the reversible nature of the silica-layer. The SC polyplex achieved significantly higher transfection efficiency without serious cytotoxicity compared to the polyplex without silica-coating. Detailed examinations of transfection using SC polyplexes revealed that the enhanced transfection efficiency was because of facilitated endosomal escape, possibly due to the protonation of the silica in acidic endosomal compartments. These findings demonstrate the utility of the silica-coating technique for polyplex-mediated gene delivery.